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(57) ABSTRACT

The present invention provides a process for producing an
encapsulating material for solar cell which makes high-speed
crosslinking possible and causes no blister phenomenon
without significant restrictions being imposed on the condi-
tions for molding the encapsulating material.

The present mnvention provides a process for producing the
encapsulating material for solar cell including impregnating a

molded form of an ethylene copolymer with an organic per-
oxide 1n a liqud state at normal temperature which shows a

decomposition temperature (a temperature at which the hali-
life period 1s one hour) of not higher than 150° C.

A process for producing the encapsulating material for solar
cell m which dialkyl peroxide (A) and an organic peroxide
(B) selected from peroxycarbonate and peroxyketal at a ratio
by weight of 10/90 to 90/10 of (A) and (B) 1n a liquid state
impregnate the molded form of the ethylene copolymer 1s a
preferable embodiment of the present invention.
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PROCESS FOR PRODUCING
ENCAPSULATING MATERIAL FOR SOLAR
CELL

TECHNICAL FIELD

The present invention relates to a process for producing
industnally favorably an encapsulating material for solar cell
which makes high-speed crosslinking possible and causes no
blister phenomenon during the solar cell encapsulation pro-
CEess.

BACKGROUND ART

Under a background of the growing environmental prob-
lems 1n recent years, hydroelectric power generation, wind
power generation and photovoltaic power generation are get-
ting 1nto the limelight as clean energy. Out of these, the spread
ol photovoltaic power generation has been making remark-
able progress 1n recent years as the performance of solar cell
modules in power generation efliciency and other respects
has been making marked improvements while on the other
hand their prices have been falling and the national and local
governments have been promoting the business of introduc-
ing photovoltaic power generation systems for household
use. Under a backdrop of such expansion of the solar cell
market, there 1s a growing demand for higher productivity in
the manufacture of solar cell modules.

A solar cell module 1s generally a package formed by
protecting a solar cell element comprising such materials as
silicon, galllum-arsenic and copper-indium-selenium with a
top transparent protective material and a bottom protective
substrate material, with the solar cell element and the protec-
tive materials fixed by use of an encapsulating maternial. Gen-
erally, the encapsulating material for the solar cell element 1n
a solar cell module 1s formed by extruding a sheet from an
cthylene-vinyl acetate copolymer to which an organic perox-
ide and silane coupling agent have been compounded. The
encapsulating material 1n the form of sheet thus obtained 1s
used to encapsulate the solar cell element to produce a solar
cell module. In this method, it 1s necessary at the stage of the
production of an encapsulating material 1n the form of sheet to
form the encapsulating material at such low temperature that
the organic peroxide will not be decomposed, and therefore it
1s 1mpossible to increase the speed of extrusion. In this
method, it 1s also necessary at the stage of encapsulating the
solar cell element to go through a two-step crosslinking and
bonding process which comprises the step of carrying out
preliminary bonding on a laminator 1n several minutes to
several tens of minutes and the step of carrying out final
bonding 1n an oven 1n several tens of minutes to one hour at a
high temperature at which the organic peroxide 1s decom-
posed (Patent Reference 1).

As a means for improving productivity in the production of
solar cell modules as described above, use of an organic
peroxide showing a low decomposition temperature 1s con-
ceived to 1ncrease crosslinking speed and thereby to shorten
the time required for crosslinking and bonding. On the other
hand, use of an organic peroxide showing a low decomposi-
tion temperature has a shortcoming that such use necessitates
lower processing temperature in the sheet extrusion men-
tioned above to prevent the decomposition of the organic
peroxide, and it causes a decline in lower productivity. To
improve this shortcoming, a method for producing an encap-
sulating material by using a method 1n which a sheet of
cthylene copolymer 1s prepared by extrusion in advance and
an organic peroxide 1n a liquid state impregnates the resultant
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sheet has already been proposed (Patent Reference 2). Spe-
cifically 1n this proposal, an example 1s given 1n which an
organic peroxide 1s coated onto a sheet, and the sheet 1s
subjected to crosslinking treatment when its surface has
become dry. However, with such example, there 1s a possibil-
ity that the organic peroxide will not be dispersed adequately
in the sheet and a uniformly crosslinked sheet will not be
obtained. Another shortcoming of the use of an organic per-
oxide showing a low decomposition temperature 1s that a
blister phenomenon of the sheet takes place due apparently to
the decomposition gas emitted as a result of the decomposi-
tion of the organic peroxide.

On the other hand, a formulation of an ethylene copolymer
to which a particular organic peroxide mixture has been com-
pounded 1s already been known as a compound which meets
both of the requirements for the high-speed crosslinking of
the ethylene copolymer and the prevention of a blister phe-
nomenon mentioned above (Patent Reference 3). Specifi-
cally, this proposal discloses only the conventional solar cell
encapsulating material manufacturing method in which a
sheet 1s molded after an organic peroxide 1s compounded to
an ethylene copolymer. Therefore, in this specific example,
the conditions for molding an encapsulating material in the
form of sheet are restricted, and 1t 1s difficult to achieve an
adequate improvement 1n productivity.

Reference 1: Japanese Patent Publication HEI 2-40709
Reference 2: Japanese Laid-open Patent Application SHO

59-138234
Reference 3: Japanese Laid-open Patent Application HEI

11-26791

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

An object of the present invention 1s to provide a method
for manufacturing solar cell encapsulating materials which
makes high-speed crosslinking possible and causes no blister
phenomenon i which no significant restrictions being
imposed on the conditions for molding the encapsulating
material. Another object of the present invention 1s to provide
a method for manufacturing solar cell encapsulating mater-
als of uniform quality efiectively.

Means to Solve the Problems

The present invention provides a process for producing a
encapsulating material for solar cell including impregnating a
molded form of an ethylene copolymer with an organic per-
oxide 1n a liquid state at normal temperature which shows a
decomposition temperature (a temperature at which the hali-
life period 1s one hour) of not higher than 150° C.

The present 1nvention provides, as a preferable embodi-
ment of the present mvention, a process for producing an
encapsulating material for solar cell in which a molded form
of the aforementioned ethylene copolymer 1s a molded form
ol an ethylene copolymer containing a crosslinking aid.

The present invention provides, as a preferable embodi-
ment of the present ivention, a process for producing the
encapsulating material for solar cell 1n which the aforemen-
tioned molded form of an ethylene copolymer 1s a molded
form of an ethylene copolymer not containing any crosslink-
ing aid.

The present invention provides as a preferable embodiment
of the present invention a process for producing the encapsu-
lating material for solar cell 1n which a mixture of the afore-
mentioned organic peroxide and a crosslinking aid blended at
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a ratio by weight of 1/0.1 to 0.1/1 1s impregnated into the
alforementioned molded form of an ethylene copolymer.

A process for producing the encapsulating material for
solar cell 1n which two or more kinds of peroxides having
different decomposition temperatures are used for the organic
peroxide 1s a preferably embodiment of the present invention.

A process for producing the encapsulating material for
solar cell 1n which dialkyl peroxide (A) and an organic per-
oxide (B) selected from peroxycarbonate and peroxyketal at
a ratio by weight of 10/90 to 90/10 of (A) and (B) 1n a liquad
state 1s 1mpregnated into the molded form of an ethylene
copolymer 1s a preferably embodiment of the present mnven-
tion.

A process for producing the encapsulating material for
solar cell 1n which the surface of the molded form of an
cthylene copolymer 1s coated or sprayed with the aforemen-
tioned organic peroxide and the organic peroxide 1s impreg-
nated into the molded form 1s a preferably embodiment of the
present invention.

A process for producing the encapsulating material for
solar cell 1n which the organic peroxide 1s impregnated 1nto
the molded form and then the form 1s ledt for ageing for at least
one day or more 1s a preferably embodiment of the present
invention.

Eftects of the Invention

According to the present invention, a broad range of tem-
perature can be selected 1n the molding of encapsulating
materials. This makes it possible both to increase molding
speed and to conduct precise molding. In addition, since
injection molding and press molding as well as extrusion
molding are possible with the present invention, 1t 1s possible
to apply the present invention to the manufacture of encap-
sulating materials not only 1n the form of sheet but also 1n a
complex shape. Furthermore, since high-speed crosslinking
1s possible even in the case of using an organic peroxide
showing a relatively high decomposition temperature, the
present invention makes 1t easy to prevent the blistering of the
encapsulating material during crosslinking and makes 1t pos-
sible to form an encapsulation layer having a high percent gel
content. Moreover, 1n the case of using two kinds of peroxides
having different decomposition temperatures, it 1s possible to
turther increase crosslinking speed and suppress a blister
phenomenon by setting their blending ratio within an appro-
priate range. Further, since a blister phenomenon can be sup-
pressed all the more without high-speed crosslinkability
being impaired too much even 11 crosslinking temperature 1s
lowered, the present invention 1s applicable satisfactorily to
the production of those solar cell modules using plastic pro-
tective materials which are influenced with temperature eas-

ily.

Best Embodiments of the Invention

The present invention provides the process for producing,
the encapsulating maternial for solar cell comprising impreg-
nating the molded form of the ethylene copolymer with the
organic peroxide 1n a liquid state at normal temperature which
shows a decomposition temperature (a temperature at which
the hali-life period is one hour) of not higher than 150° C.

In producing the encapsulating material according to the
present invention, a molded form of an ethylene copolymer
which has an required shape 1s used. As examples of the
alorementioned ethylene copolymer, one or two or more
kinds of copolymers selected from between copolymer of
cthylene and polar monomer and copolymer of ethylene and
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a.-olefin having not less than 3 carbon atoms can be cited. Out
of these, a copolymer of ethylene and polar monomer 1is
preferably used 1n view of transparency and adhesion to the
protective material and the solar cell element, among other
properties. As specific examples of a polar monomer of eth-
ylene/polar monomer copolymer, vinyl ester such as vinyl
acetate and vinyl propionate; unsaturated carboxylic acid
ester such as methyl acrylate, ethyl acrylate, 1sopropyl acry-
late, 1sobutyl acrylate, n-butyl acrylate, 1sooctyl acrylate,
methyl methacrylate, 1sobutyl methacrylate and dimethyl
maleate, etc.; unsaturated carboxylic acid such as acrylic
acid, methacrylic acid, fumaric acid, itaconic acid, maleic
acid monomethyl, maleic acid monoethyl, maleic acid anhy-
dride and 1taconic acid anhydride, etc., salt of these unsatur-
ated carboxylic acid, one or two kind or more of carbon
monoxide and sulfur dioxide, etc. can be exemplified. As salt
of unsaturated carboxylic acid, salt of mono-valent metal
such as lithium, sodium and potassium; salt of polyvalent
metal such as magnesium, calcium and zinc can be cited.

In addition, above ethylene and copolymers of a-olefin
having three or more carbon, preferably 3 to 20 of carbon,
more preferably 3 to 8 are cited. As preferable example of
a.-olefin, propylene, 1-butene, 1-hexene, 1-octane and 4-me-
thyl-1-pentene etc. can be cited.

As the atorementioned ethylene/polar monomer copoly-
mer, an ethylene/polar monomer copolymer having an ethyl-
ene unit content of 60 to 85 wt %, particularly 65 to 80 wt %,
1s preferably used 1n view of transparency, tlexibility, anti-
block properties and organic peroxide impregnation proper-
ties, etc. As the ethylene/polar monomer copolymer, an eth-
ylene/polar monomer copolymer showing a melt flow rate
(based on JIS K7210-1999; this definition applies hereinai-
ter) o1 0.1 to 100 g/10 min., particularly 0.5 to 50 g/10 min. at
190° C. under aload 01 2,160 g 1s also preferably used 1n view
of moldability, mechanical properties, efc.

More specifically, as preferable ethylene/polar monomer
copolymers, representative examples include ethylene vinyl
ester copolymer such as ethylene/vinyl acetate copolymer;
cthylene/unsaturated carboxylic acid ester copolymer such as
cthylene/methyl acrylate copolymer, ethylene/ethyl acrylate
copolymer, ethylene/methyl methacrylate copolymer, ethyl-
ene/1sobutyl acrylate copolymer and ethylene/n-butyl acry-
late copolymer; ethylene/unsaturated carboxylic acid copoly-
mer such as ethylene/acrylic acid copolymer, ethylene/
methacrylic acid copolymer, ethylene/isobutyl acrylate/
methacrylic acid copolymer and their 1onomers.

Out of these, ethylene-vinyl acetate copolymer, ethylene-
acrylic acid ester copolymer and ethylene-acrylic acid ester-
(metha)acylic acid copolymer are used preferably in view of
applicability to the required physical properties of the encap-
sulating material for solar cell such as moldability, transpar-
ency, tlexibility, adhesion and light stability and organic per-
oxide impregnation properties; and 1n particular, ethylene-
vinyl acetate copolymer 1s preferably used.

As a ethylene-a-olefin copolymer that 1s another example
ol the ethylene copolymer, the ethylene-a-olefin copolymer
having an ethylene polymerization unit of 70 to 85 mol %, a
30 to 15 mol % content of the a-olefin polymerization unit
other than ethylene, and as required a diene monomer poly-
merization unit of not higher than 2 mol %, preferably not
higher than 1 mol %, can be cited. Examples of such ethylene
copolymer include ethylene-propylene copolymer, ethylene-
1-butene copolymer, ethylene-4-methyl-1-pentene copoly-
mer, ethylene-1-hexene copolymer, ethylene-1-octene
copolymer, ethylene-propylene-dicyclopentadiene copoly-
mer, ethylene-propylene-5-ethylidene-2-norbornene copoly-
mer and ethylene-propylene-1,6-hexadiene copolymer. As
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the ethylene-a-olefin copolymer, an ethylene-c-olefin
copolymer showing a melt tlow rate 01 0.1 to 100 g/10 min.,
particularly 0.5 to 350 g/10 min. at 190° C. under a load of
2,160 g 1s also preferably used 1n view of moldability and
mechanical properties, efc.

The present invention provides a process for producing the
encapsulating material, which includes impregnating a
molded form 1n a desired shape comprising above ethylene
copolymer with an organic peroxide of a liquid state.

This method makes 1t possible to avoid a loss of the organic
peroxide and obtain an encapsulating material layer having,
high gel content after 1t 1s hardened.

The molded form of the ethylene copolymer may be a
molded form to which no crosslinking aid has been com-
pounded or a molded form to which a crosslinking aid has
been compounded.

According to the present invention, 1t 1s possible to produce
the encapsulating material for solar cell by impregnating the
molded form of ethylene copolymer with the organic perox-
ide 1 a liqud state at normal temperature which shows a
decomposition temperature (a temperature at which the hali-
life period 1s one hour) of not higher than 150° C. Since the
use of a crosslinking aid accelerates crosslinking, the useof a
crosslinking aid i1s a preferable embodiment of the present
invention. In the case of using a crosslinking aid, it may be
compounded into a molded form of the ethylene copolymer
prior to use, or it may be impregnated into the aforementioned
molded form. Furthermore, a crosslinking aid may be
impregnated into a molded form of the ethylene copolymer to
which a crosslinking aid has been compounded.

A method for producing a solar cell encapsulating material
by impregnating a molded form of an ethylene copolymer
containing a crosslinking aid with an organic peroxide 1n a
liquid state at normal temperature which shows a decompo-
sition temperature (a temperature at which the half-life period
1s one hour) of not higher than 150° C. 1s a preferable embodi-
ment of the present invention.

Furthermore, a method for producing a solar cell encapsu-
lating material by impregnating a molded form of an ethylene
copolymer containing no crosslinking aid with an organic
peroxide 1n a liquid state at normal temperature which shows
a decomposition temperature (a temperature at which the
hali-life period 1s one hour) of not higher than 150° C. 1s
another preferable embodiment of the present invention.

In the present invention, a mixture of the aforementioned
organic peroxide and a crosslinking aid can be impregnated
into the molded form of ethylene copolymer as a means that
both of them impregnate mto the molded form. In using a
method 1n which a mixture of the organic peroxide and a
crosslinking aid 1s impregnated 1nto the molded form, the
ratio between the organic peroxide in a liquid state and the
crosslinking aid 1s preferably 1/0.1 to 0.1/1 by weight.

As the molded form, a sheet 0.1 to 1 mm 1n thickness 1s
normally used. However, needless to say, 1t 1s possible to use
a molded form 1n a shape other than a sheet to match the shape
ol a solar cell module. A molded form 1n the shape of sheet
can be produced by a sheet molding method known to the
public which uses a T-die extruder, calendering and other
equipment. Additives as mentioned below such as silane cou-
pling agents, UV absorbers, antioxidants and light stabilizers
may be added to such molded form 1n advance as required.

As a crosslinking aid compounded 1nto above ethylene
copolymer, poly unsaturated compound such as polyallyl
compound and poly (meta) acryloxy compound can be exem-
plified. More specific examples can include polyallyl com-
pound such as trniallylisocyanurate, triallylcyanurate, dial-
lylphthalate, diallylfumarate, diallylmaliate; poly (meta)
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acryloxy compound such as ethyleneglycol diacrylate, ethyl-
eneglycol dimethacrylate trimethylolpropanetri methacrylate
and divinylbenzene.

It 1s effective to use crosslinking aid 1n a ratio of approxi-
mate 0.5 to 5 part by weight to 100 part by weight of ethylene
polymer.

As the organic peroxide to be impregnated 1nto the afore-
mentioned molded form, an organic peroxide which 1s 1n a
liquid state at normal temperature and shows a decomposition
temperature (a temperature at which the half-life period 1s one
hour) of not higher than 150° C. can be used. As organic
peroxide, dialkyl peroxide such as tertiary butyl cumyl per-
oxide (142° C.), dicumylperoxide (135° C.), 2,5-dimethyl-2,
5-bis (tertiary butyl peroxy) hexane (140° C.), 2,5-dimethyl-
2,5-bis (tertiary butyl peroxy)hexine-3,1,3-bis (2-tertiary
butyl peroxy 1sopropyl) benzene (137° C.), d1 tertiary butyl
peroxide (149° C.); alkyl peroxyl ester such as tertiary butyl
peroxyl 1sobutylate (102° C.), tertiary butyl peroxyl maleic
acid (110° C.), tertiary butyl peroxy 1sonanoate (123° C.),
tertiary butyl peroxy 1sopropyl carbonate (119° C.), tertiary
butyl peroxy-2-ethyl hexyl carbonate (121° C.), tertiary butyl
peroxyl acetate (123° C.), tertiary butyl peroxy benzoate
(125° C.), 2,5-dimethyl-2,5-b1s (benzoyl peroxy) hexane
(118° C.), 2,5-dimethyl hexyl-2,35-b1s peroxy benzoate; per-
oxyl ketal such as 1,1-b1s (tertiary butyl peroxy)-3,3,5-trim-
ethyl cyclohexane (112° C.), 1,1-bis (tertiary butyl peroxy)
cyclohexane (112° C.), 1,1-b1s (tertiary amyl peroxy) cyclo-
hexane (112° C.), 2,2-bis (tertiary butyl peroxy) butane (112°
C.), n-butyl-4,4-b1s (tertiary butyl peroxy) valarate (129° C.),
cthyl-3,3-bis (tertiary butyl peroxy) butylate (135° C.) can be
exemplified (the temperature 1n each parenthesis 1s one at
which the hali-life period 1s one hour). Out of these, taking
into consideration of readiness for impregnation to molded
torms of ethylene copolymer, 1t 1s preferable to be 1n a liquid
state at normal temperature. The organic peroxide may be
used singly or in combination with two or more kinds of
organic peroxide. When the organic peroxide 1s used 1n com-
bination with two or more kinds of organic peroxide, the
mixture which 1s 1n a liqud state at normal temperature 1s
preferable.

In the present invention, the organic peroxide which 1s in a
liguid state at normal temperature includes not only an
organic peroxide which 1s 1n a liquid state at normal tempera-
ture by 1tself but also an organic peroxide which 1s 1 a liquid
state when mixed with one or more other organic peroxides.

As the aforementioned dialkyl peroxide, dialkyl peroxide
which shows a decomposition temperature (a temperature at
which the half-life period 1s one hour) of 130 to 150° C.,
preferably 135 to 150° C., 1s preferably used 1n view of the
balance between the hlgh-speed crosslinking of the solar cell
encapsulating material and the effect in preventing blister at
the time of crosslinking. Furthermore, as the atorementioned
alkyl peroxyester or peroxy ketal, an organic peroxide which
shows a decomposition temperature (a temperature at which
the half-life perlod 1s one hour) of 90 to 135° C., preferably
100 to 130° C., 1s preferably used 1n view of the hlgh-speed
crosslinking of the encapsulating material. The use of the
alforementioned dialkyl peroxide provides the advantage of a
blister phenomenon not taking place readily during encapsu-
lation processing. On the other hand, the use of alkyl perox-
yester or peroxyketal having the properties as described
above provides the advantage of making 1t possible to further
increase crosslinking speed but tends to cause a blister phe-
nomenon, and therefore 1t may become necessary 1n this case
to set the temperature at the time of crosslinking to a little
lower level. Even 1n this case, 1t 1s possible to achieve an
adequate crosslinking speed.
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As an especially preferable embodiment of the present
invention, a method in which (A) at least one kind of dialkyl
peroxide and (B) at least one kind selected from between
alkyl peroxyester and peroxyketal are mixed at an appropriate
rat1o can be cited. In this case, as the alkyl peroxyester of (B),
alkyl peroxycarbonate is preferably used. This makes it pos-
sible to obtain an encapsulating material which enables high
crosslinking speed to be achieved and a blister phenomenon
to be suppressed. The ratio 1n use of the dialkyl peroxide and
the organic peroxide selected from alkyl peroxyester and
peroxyketal 1s 0.05 to 5 parts by weight, preferably 0.1 to 3
parts by weight of the former to 0.05 to 5 parts by weight,
preferably 0.1 to 3 parts by weight of the latter.

When the organic peroxides (A) and (B) are impregnated
into the molded form of the ethylene copolymer, both of them
can be impregnated consecutively or simultaneously. And the
simultaneous impregnation of the mixture of both 1s prefer-
able. The impregnation of the organic peroxide can be carried
out by coating or spraying the organic peroxide in a liquid
state onto the surface of the molded form or immersing the
molded form in the organic peroxide 1n a liquid state. Indus-
trially, amethod in which the organic peroxide in a liquid state
1s coated or sprayed onto the surface of the molded form 1s
advantageous. Consequently, organic peroxides that are 1n a
liquid state at normal temperature are preferably used for both
of organic peroxides (A) and (B). However even 11 organic
peroxide (A) 1s a solid 1n normal temperature, 1t may be used
without any problem when organic peroxide (B) 1s in a liquid
state at normal temperature and a mixture of organic perox-
ides (A) and (B) 1s 1n a liquid state at normal temperature. In
the case when a mixture of organic peroxides (A) and (B) 1s
used, the ratio (A)/(B) (by weight) in use between organic
peroxides (A) and (B) 1s not limited particularly, but is pret-
erably varied 1n the range of particularly 10/90 to 90/10.
However, 1n view of crosslinking speed and dispersion speed
in the molded form, a higher use ratio of organic peroxide (B)
1s prelerable within the range that blister phenomenon 1is
prevented. The most preferable (A)/(B) (by weight) 1s 10/90
to 80/20. The impregnation amounts of organic peroxides (A)
and (B) vary according to their types, but the total content of
(A)and (B) 1s effectively 0.1 to 5 parts by weight, particularly
0.5 to 3 parts by weight, based on 100 parts by weight of the
cthylene polymer.

Even after the organic peroxide has been impregnated into
the molded form by carrying out the operations as described
above and the surface of the molded form has become dry, the
molded form 1s preferably subjected to aging for not less than
one day, preferably not less than 3 days, prior to the produc-
tion of a solar cell module so that the organic peroxide 1s
dispersed uniformly in the molded form. The aging 1s suitably
carried out at normal temperature but may be carried out at
raised temperature.

The impregnation of the organic peroxide or a mixture of
the organic peroxide and the crosslinking aid into the molded
form of the ethylene copolymer to which a crosslinking aid
has been or has not been compounded can be carried out by
coating or spraying an organic peroxide in a liquid state or a
mixture of the organic peroxide and a crosslinking aid onto
the surface of the molded form or immersing the molded form
in the organic peroxide 1n a liquid state or a mixture of the
organic peroxide and a crosslinking aid. Industrially, a
method 1n which the organic peroxide 1n a liquid state or the
mixture of the organic peroxide and the crosslinking aid 1s
coated or sprayed onto the surface of the molded form 1is
advantageous.

Inthe present invention, even after the organic peroxide has
been impregnated into the molded form by carrying out the
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operations as described above and the surface of the molded
torm has become dry, the molded form 1s preferably subjected
to aging for not less than one day, preferably not less than 3
days, prior to the production of the solar cell module so that
the organic peroxide 1s dispersed uniformly in the molded
form. The aging 1s suitably carried out at normal temperature
but may be carried out at raised temperature.

Other various additives may be added to the encapsulating,
material for solar cell of the present invention as required.
Specific examples of such additives include crosslinking aux-
iliaries, silane coupling agents, UV absorbers, antioxidants
based on hindered phenol or phosphite, light stabilizers based
on hindered amine, light scattering agents, flame retardants
and discoloration prevention agents.

Silane coupling agent 1s useful to improve adhesive prop-
erty for protection materials or a solar battery element. And,
as the example, a compound having an unsaturated group
such as vinyl group, acryloxy group and methacryloxy group,
or a group which can be hydrolyzed such as alkoxy group,
amino group and epoxy group can be cited.

The specific examples of silane coupling agent include
N-(f-aminoethyl)-y-aminopropyl trimethoxysilane, N-([3-
aminoethyl)-y-amino propylmethyl dimethoxysilane, y-ami-
nopropyl triethoxysilane, y-glycidoxypropyl trimethoxysi-
lane and y-methacryloxypropyltrimethoxysilane.

It 1s desirable for silane coupling agent to combine
approximate 0.1 to 5 parts by weight to 100 parts by weight of
the ethylene copolymer (a).

As the ultraviolet absorption agent which can be added 1n
solar battery encapsulating materials of the present invention,
various types ol absorption agent such as a benzophenone
type, a benz triazole type, triazine-type and salicylic acid ester
type can be cited. As benzophenone type of ultraviolet
absorption agent, for example, 2-hydroxy-4-methoxy ben-
zophenone, 2-hydroxy-4-methoxy-2'-carboxy benzophe-
none, 2-hydroxy-4-octoxy benzophenone, 2-hydroxy-4-n-
dodecyl oxy benzophenone, 2-hydroxy-4-n-octadecyl oxy
benzophenone, 2-hydroxy-4-benzil oxy benzophenone,
2-hydroxy-4-methoxy-5-sulfo benzophenone, 2-hydroxy-5-
chlorobenzophenon, 2,4-dihydroxy benzophenone, 2,2'-di-
hydroxy-4-methoxy benzophenone, 2,2'-dihydroxy-4,4'-
dimethoxy benzophenone and 2,2'.4.4'-tetrahydroxy
benzophenone etc. can be cited.

As benzotriazole type of ultraviolet absorption agent,
being a hydroxy phenyl substitution benzotriazole com-
pound, for example, and 2-(2-hydroxy-5-methyl phenyl) ben-
zotriazole, 2-(2-hydroxy-5-t-butylphenyl) benzotriazole,
2-(2-hydroxy-3,5-dimethyl phenyl) benzotriazole, 2-(2-me-
thyl-4-hydroxy phenyl) benzotriazole, 2-(2-hydroxy-3-me-
thyl-5-t-butyl phenyl) benzotriazole, 2-(2-hydroxy-3,5-di-t-
butyl phenyl) benzotrniazole, 2-(2-hydroxy-3,5-dimethyl
phenyl)-5-methoxy benzotriazole, 2-(2-hydroxy-3-t-butyl-5-
methyl phenyl)-5-chlorobenzotriazole and 2-(2-hydroxy-5-t-
butyl phenyl)-5-chlorobenzotriazole etc. can be cited.

In addition, as triazine-type ultraviolet absorption agent,
2-[4,6-bis(2,4-dimethyl phenyl)-1,3,5-triazine-2-yl1]-5-(oc-
tyl oxy) phenol, 2-(4,6-diphenyl-1,3,5-triazine-2-yl)-5-
(hexyl oxy) phenol etc. can be cited. As salicylic acid ester
type, phenyl salicylate, p-octyl phenyl salicylate etc. can be
cited.

These additives may be added to the ethylene copolymer
by dry blending or melting-blending to the molded form of
the ethylene copolymer prior to the impregnation with the
organic peroxide. These additives may also be impregnated
into the molded form of the ethylene copolymer which has
been molded 1 an required shape together with the organic
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peroxide when the organic peroxide impregnates the molded
form of the ethylene copolymer.

A solar cell module can be produced by fixing a solar cell
clement with top and bottom protective materials and by
using the encapsulating material of the present invention
obtained by that an organic peroxide impregnates the molded
form ol an intended shape. Various types can be cited as
examples of such solar cell module. For example, examples
of such solar cell module include solar cell modules of such
structure that the solar cell element 1s sandwiched with pro-
tective materials from both sides of the solar cell element,
such as the top transparent protective material/encapsulating
material/solar cell element/encapsulating material/bottom
protective material structure; solar cell modules of such struc-
ture that an encapsulating material and the top transparent
protective material are mounted on a solar cell element
formed on the mner circumierence of the bottom substrate
protective material; and solar cell modules of such structure
that an encapsulating material and the bottom protective
material are mounted on a solar cell element formed on the
inner circumierence of the top transparent protective mate-
rial, such as an amorphous solar cell element formed by
sputtering or other method on a fluororesin-type transparent
protective material.

For the solar cell element, various solar cell elements can
be used, including solar cell elements based on silicon such as
single-crystal silicon, polycrystal silicon and amorphous sili-
con, and solar cell elements based on Group III-V and II-VI
compound semiconductors such as galltum-arsenic, copper-
indium-selenium and cadmium-tellurium.

Examples of the top protective material making up a solar
cell module 1include glass, acrylic resin, polycarbonate, poly-
ester and fluorine-containing resin. The bottom protective
materal 1s metal or a single- or multi-layer sheet such as film
of various thermoplastic resin, and examples of the bottom
protective material include metals such as tin, aluminum and
stainless steel, inorganic materials such as glass and single- or
multi-layer protective materials of polyester, inorganic mate-
rial-metallized polyester, fluorine-containing resin and poly-
olefin. The solar cell encapsulating material of the present
invention shows satisfactory adhesion with these top and
bottom protective materials.

The production of a solar cell module has only to be carried
out by preliminarily bonding the aforementioned encapsulat-
ing material to the solar cell element and the protective mate-
rials at a temperature at which the organic peroxide 1s not
decomposed and the aforementioned encapsulating material
1s melted and then carrying out adequate bonding and the
crosslinking of the encapsulating material after raising the
temperature. The bonding and crosslinking temperature 1s a
temperature at which satisfactory crosslinking speed 1s
achieved and blistering does not occur and 1s preferably
within a range of approximately 100 to 180° C., for example.
The ethylene copolymer 1s crosslinked preferably 1n such
manner that the gel content (determined as mass percentage
of unmelted content obtained by filtering the test mixture
after one gram (1 g) of sample was immersed in 100 ml of
xylene and heated at 110° C. for 24 hours) 1s preferably 70%
to 98%, especially preferably 80% to 95%, so that a solar cell
module having satisfactory heat resistance 1s finally obtained.

Theretore, an additive formulation that meet these conditions
has only to be selected. For example, the kinds and contents of
the organic peroxide and other additives of the present inven-
tion have only to be selected.
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10
EXAMPLES

(Given below 1s a detailed explanation of the present inven-
tion using Examples. Further, the raw maternals and evalua-
tion methods used 1n the Examples and Comparative
Examples are as follows:

1. Raw matenals

(1) EVA: Ethylene-vinyl acetate copolymer (vinyl acetate
content: 28 wt %; MFR: 15 ¢g/10 min.)

(2) Organic peroxide A: 2,5-dimethyl-2,5-bis(tertiary
butylperoxy )hexane, product name: Lupazol 101, avail-
able from Atochem Yoshitomi Ltd., temperature at
which the half-life period 1s one hour: 140° C.

(3) Organic peroxide B: Tertiary butylperoxy-2-ethylhexy-
Icarbonate, product name: Lupazol TBEC, available
from Atochem Yoshitomi Ltd., temperature at which the
halt-life period 1s one hour: 121° C.

(4) Crosslinking aid: Triallylisocyanurate (TAIC)

(5) Silane coupling agent: y-methacryloxypropyl tri-
methoxy silane, product name: KBM 503, available

from Shin-Etsu Chemical Co., Ltd.

2. Evaluation Methods

(1) Blister Properties

A sheet sample 0.5 mm 1n thickness was sandwiched with
two sheets of polyethylene terephthalate film (100 um). They
were laminated at the temperature of 150° C. in 5 minutes by
use of a vacuum laminator and cured in an oven at 150° C. for
one hour. After that, the condition (occurrence of air bubbles)
of the crosslinked sheet was observed and evaluated.

(2) Crosslinking Speed

A sheet sample was cut mto granular samples, and the
torque was read at 150° C. after 10 minutes by use of MDR
(torque flat plate die vulcanization tester). The test results
indicate that as torque becomes higher, the degree of
crosslinking advances.

(3) Impregnation Speed of the Organic Peroxide

A inflation {ilm 100 um 1n thickness was produced from the
alorementioned EVA and taken up on a roll. A sample com-
prising a stack of 6 sheets of the film was prepared from the
roll of the film, and the organic peroxide was coated on one
side of the stack to 6.8 g/m*. After one week, the first, third
and {ifth sheets of the film from the top were peeled off. The
organic peroxide concentration of each of them was measured
by gas chromatography, and the degree of the dispersion of
the organic peroxide was evaluated.

Example 1

5,000 g of the atforementioned EVA pellets, 100 g of the
crosslinking aid TAIC and 25 g of the silane coupling agent
were mixed and allowed to stand for a whole day for the
purpose ol impregnation. From the impregnated pellets thus
obtained, a sheet 0.5 mm 1n thickness was prepared by means
of 40-mm¢ sheet molding machine. After 1.5 g of organic
peroxide A 1n a liquid state per 100 g of this sheet were coated
onto the sheet uniformly by means of a bar coater, the sheet
was subjected to aging for 2 weeks. The sheet sample thus
obtained was used for the purpose of evaluating blister prop-
erties and crosslinking speed. Results are shown 1n Table 1.

Example 2

An evaluation was carried out in the same manner as 1n
Example 1 except that a mixed solution of organic peroxide A
and organic peroxide B mixed at a ratio of 2:8 was used 1n
place of organic peroxide A 1n a liquid state. Results are
shown 1n Table 1.



US 8,350,147 B2

11

Comparative Example 1

An evaluation was carried out 1n the same manner as in

Example 1 except that a sheet was prepared without using the
crosslinking aid TAIC. Results are shown 1n Table 1.

Comparative Example 2

An evaluation was carried out 1n the same manner as 1n
Comparative Example 1 except that organic peroxide B was
used 1n place of organic peroxide A. Results are shown in

Table 1.

Reference Example

In Example 2, a sheet was prepared by mixing a mixed
solution of organic peroxide A and organic peroxide B mixed
at a ratio of 2:8 was used together with the crosslinking aid,
the silane coupling agent and the pellets by means of 40-mm¢
sheet molding machine. Results are shown 1n Table 1.

TABLE 1
Compar-  Compar-
ative ative Reference

Example 1 Example 2 Example 1 Example 2 Example

Type of A A/B =2/8 A B A

organic

peroxide

Use of Yes Yes No No Yes
cross-linking

aid

Blister No No No Yes No
MDR torque 4 4.5 1.5 3.5 4

The results of Table 1 indicate that the crosslinking speed
of the sample of Example 1 1s sigmificantly improved com-
pared to Comparative Example 1. Further, a comparison of
Example 2 and Comparative Example 2 shows that the use of
both the crosslinking aid and a small amount of organic
peroxide A mmproved crosslinking speed and additionally
resolved a blister phenomenon occurred 1n using of organic
peroxide B.

Example 3

5,000 g of the aforementioned EVA pellets and 25 g of the
silane coupling agent were mixed and allowed to stand for a
whole day for the purpose of impregnation. From the impreg-
nated pellets thus obtained, a sheet 0.5 mm 1n thickness was
obtained by means of 40-mm¢ sheet molding machine. After
1.5 g of a mixed solution of organic peroxide A and organic
peroxide B mixed at a ratio of 2:8 per 100 g of thus sheet were
coated onto the sheet umiformly by means of a bar coater, the
sheet was subjected to aging for 2 weeks. The blister proper-
ties and crosslinking speed of the sheet sample thus obtained
were evaluated. In addition, a sheet of inflation film 100 um in
thickness was molded from the above EVA, and the impreg-
nation speed of the organic peroxide was evaluated by using,
a mixed solution of organic peroxide A and organic peroxide
B mixed at a ratio of 2:8. Results are shown 1n Table 2.

Comparative Example 3

An evaluation was carried out 1n the same manner as 1n
Example 3 except that organic peroxide B 1n a liquid state was
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used 1n place of a mixed solution of organic peroxide A and
organic peroxide B mixed at a ratio of 2:8. Results are shown

in Table 2.

Comparative Example 4

An evaluation was carried out in the same manner as 1n
Example 3 except that organic peroxide A 1n a liquid sate was
used 1n place of a mixed solution of organic peroxide A and
organic peroxide B mixed at a ratio of 2:8. Results are shown

in Table 2.

TABLE 2
Comparative  Comparative
Example 3 Example 3 Example 4
Type of organic peroxide A/B=2/8 B A
Blister No Yes No
MDR torque 3.2 3.8 1.4
Ratio of organic peroxide 1:0.9:0.8 1:1:1 4:3:2

concentrations among 1st,
3rd and 5th film sheets

The results of Table 2 indicate that the sample of Example
3 showed allowable high dispersion and crosslinking speed of
the organic peroxide same as 1n the case of using organic
peroxide B, while on the other hand resolving a blister phe-
nomenon that 1s accrued 1n using of organic peroxide B.

POSSIBILITY OF INDUSTRIAL US

(Ll

The present mvention provides a process for producing
solar cell encapsulating materials which makes high-speed
crosslinking possible and causes no blister phenomenon
without significant restrictions being imposed on the condi-
tions for molding the encapsulating material.

The method that 1s provided by the present invention 1s a
method that allows solar cell encapsulating materials of uni-
form quality to be produced etlectively.

Since the present invention allows a broad range of tem-
perature to be selected 1n the molding of encapsulating mate-
rials, the present invention provides a solar cell encapsulating
material manufacturing method that makes 1t possible both to
increase molding speed and to conduct precise molding.

In addition, since the molded form of the ethylene copoly-
mer used in the encapsulating material for solar cell manu-
facturing method of the present invention can be obtained by
the 1njection molding and press molding ablister as extrusion,
the molded form can be applied to the manufacture of encap-
sulating materials not only 1n the form of sheet but also 1n a
complex shape.

Furthermore, since high-speed crosslinking 1s possible
even 1n the case of using an organic peroxide showing a
relatively high decomposition temperature, the present inven-
tion makes 1t easy to prevent the blistering of the encapsulat-
ing material during crosslinking and makes 1t possible to form
an encapsulation layer having a high percent gel content.

Moreover, 1n the process for producing the encapsulating,
material for solar cell of the present invention, the case of
using two or more kinds of organic peroxides having different
decomposition temperatures, it 1s possible to further increase
crosslinking speed and suppress a blister phenomenon by
setting their blending ratio within an appropriate range.

Furthermore, 1n the process for producing the encapsulat-
ing material for solar cell of the present invention, since a
blister phenomenon can be suppressed all the more without
high-speed crosslinkability being impaired too much even it
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crosslinking temperature 1s lowered, the present invention 1s
applicable satistactorily to the production of those solar cell
modules using plastic protective materials.
The mvention claimed 1s:
1. A process for producing a solar cell module, comprising:
producing an encapsulating material by a process compris-
ing impregnating a molded form of a copolymer of eth-
ylene and a polar monomer with a mixture of an organic
peroxide and a crosslinking aid blended at a ratio by
weight of 1/0.1 to 0.1/1, wherein the organic peroxide 1s
in a liquid state at room temperature which shows a
decomposition temperature (a temperature at which the
halt-life period 1s one hour) of not higher than 150° C.,
wherein the organic peroxide comprises a dialkyl peroxide
(A), and an organic peroxide (B) that 1s selected from the
group consisting of peroxycarbonate and peroxyketal, at
a ratio by weight o1 10/90 to 90/10 of (A) and (B), and
wherein after the mixture of the organic peroxide and the
crosslinking aid 1s impregnated into the molded form of
the copolymer of ethylene and the polar monomer, the
molded form 1s subjected to aging for not less than three
days;
providing a solar cell element and at least one protective
material; and
encapsulating the solar cell element and the at least one
protective material with the encapsulating material.
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2. The process for producing the solar cell module accord-
ing to claim 1, wherein the molded form of a copolymer of
cthylene and a polar monomer 1s a molded form of a copoly-
mer of ethylene and a polar monomer containing a crosslink-
ing aid.

3. The process for producing the solar cell module accord-
ing to claim 1, wherein the molded form of a copolymer of
cthylene and a polar monomer 1s a molded form of a copoly-
mer of ethylene and a polar monomer not containing any
crosslinking aid.

4. The process for producing the solar cell module accord-
ing to claim 1, wherein the surface of the molded form of a
copolymer of ethylene and a polar monomer 1s coated or
sprayed with the aforementioned organic peroxide and the
organic peroxide 1s impregnated 1nto the molded form.

5. The process for producing the solar cell module accord-
ing to claim 1, wherein the molded form 1s a sheet.

6. The process for producing the solar cell module accord-
ing to claim 1, wherein the copolymer of ethylene and a polar
monomer 1s at least one kind of copolymer selected from the
group consisting of ethylene-vinylester copolymer, ethylene/
unsaturated carboxylic acid ester copolymer, ethylene/unsat-
urated carboxylic acid copolymer and its 1onomer.
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